especially with respect to our present understanding of the processes that produce the surface magnetism in the (hidden) solar interior -hemispheric asymmetry is the normal state -the strong symmetry shown in 1996 was abnormal. Further, these observations show that the mechanism(s) which create and transport the magnetic flux magnetic flux are slowly changing with time and, it appears, with only loose coupling across the equator such that those asymmetries can persist for a considerable time. As the current asymmetry persists and the basal energetics of the system continue to dwindle we anticipate new radiative and particulate lows coupled with increased cosmic ray -3 -fluxes heading into the next solar minimum.
Introduction
The most recent solar minimum has drawn a great deal of interest (e.g., McComas et al. 2008; Gibson et al. 2009; Kirk et al. 2009; Mewaldt et al. 2010; Penn & Livingston 2010; Galvin et al. 2010; Solomon et al. 2010; Altrock 2011; Wang & Robbrecht 2011; McIntosh et al. 2011a,b) , but largely because it has not behaved in this fashion during the epoch of routine detailed observation of surface and sub-surface phenomena. Further, there was a belief that we (somehow) understood the basal modulation of the Suns radiative and particulate output and that it was invariant; that is not the caseno two solar minima are the same, we have known this, but the Sun ably demonstrated it for us over the past few years. In our pursuit of a physical understanding of the Suns impact on Earth (and the Solar System) we have (correctly) been drawn to processes that relentlessly form magnetic flux in the interior (e.g., Dikpati & Charbonneau 1999; Charbonneau 2005 Charbonneau , 2007 Callebaut et al. 2007; Brandenburg 2009; Hathaway 2010; Nandy et al. 2011 ) and those that govern the eventual eruption of that magnetic flux through the photosphere into the portions of the atmosphere which we can directly observe. The tail of those processes in the outer solar atmosphere, from the perspective of energy density, dictate the output of our star, but our historical reference point has been limited to observing gross (readily observable) proxies of magnetic evolution. It is likely that these proxies carry differently weighed information about our stars evolution and it is our task to know the meaningful information content of each, beyond zeroth order application, if we are to move towards comprehensive modeling of the solar atmosphere as a system.
In this Paper we consider several records of quiescent activity over the past solar cycle using measurements from the SOHO, SDO, ACE, and Ulysses spacecraft. We pay particular attention to the line-of-sight (LOS) magnetogram data from the SOHO Michelson Doppler Imager (MDI; Scherrer et al. 1995) to investigate trends in the evolution of surface magnetism that may point to complexities in longer term processes and how we consider/model them.
In §2 we demonstrate the minimum-minimum modulation of several Solar outputs and their connection to the relentlessly evolving surface magnetism that motivated this study. Indeed, we infer that these subtle changes may have a broader impact -on the structure of the heliosphere itself ( §2.1). Studying the MDI record of magnetograms in §3 we look for gross trends of surface magnetism that may underly these varying quantities. The behavior that we identify in the variation of the magnetogram record is subtle, but clear, and spawns the investigation into other measures of outer atmospheric structure and small-scale activity in §6 in search consistent behavior in the hypothesis drawnthat the magnetic activity of the northern and southern hemispheres are not in phase with each other. Extending our analysis to a longer sunspot record (differentiated by hemisphere; §4) we see that this behavior is not isolated to the recent solar minimum but has been visible for a considerable time. We discuss, in the closing sections, that the observed variance in surface magnetism must place stronger physical constraints on the modeling of interior magnetic flux generation and how that evolving flux governs the energetic output of the star as well as the mould of the heliosphere itself. There are strong indications that the two hemispheres are nearly two years out of phase at the time of writing, and it is unclear what the next descending phase and solar minimum will offer, far less those going further into the future -what evolutionary path the Sun will take next? It is likely that only a significant increase in complexity of modeling can help us establish the real knock-on effects of what can happen to reverse the hemispheric asymmetry and if that is connected to the slowly decreasing levels of solar activity. Figure 1 shows the variation of several measures of different origin over the past solar cycle.
2009 Solar Minimum Measurements
From top to bottom the figure shows the total solar irradiance (TSI) measured by SOHO/VIRGO, the mean Fe charge state ( Q Fe ) measured by ACE/SWICS (Gloeckler et al. 1992 ; Stone et al. 1998), the abundance of Helium (A He ) measured by WIND (e.g., Aellig et al. 2001; Kasper et al. 2007 ), the apparent scale length of the transition region network emission observed by SOHO/EIT, and the power-law index of the MRoI inferred (see below) from SOHO/MDI magnetograms over solar cycle 23 and into the early part of cycle 24 (McIntosh et al. 2011a ). The bottom pair of panels illustrate the variation in the separation distance of magnetic field elements in the photosphere and the prevalent "network" emission length scale in the quiescent solar atmosphere (McIntosh et al. 2011a )-their variation is remarkably consistent and demonstrates the "imprint" of the underlying magnetism on the radiative and particulate output of our star (Schwadron et al. 2011; McIntosh et al. 2011b; Kasper et al. 2012 ). At almost exactly the same time that the energetic and magnetic proxies shown in Fig. 1 reached new lows the cosmic ray flux (CRF) as measured at Earth (and in interplanetary space) reached an all time high (in the context of the space age Mewaldt et al. 2010) . We wonder if the apparent temporal correlation of the increased CRF and decrease in proxies of solar magnetism are causally related; or if there is an appreciable coupling between the small-scale and global-scale magnetism that affect the energetics and structure of the heliosphere?
The CRF is measured on Earth by a network of neutron monitors that detect the decay products arising from the collision of incoming cosmic rays with nitrogen and oxygen molecules in the upper atmosphere. In this study, we have used neutron monitor data (red points) from the Sodankyla Geophysical Observatory of the University of Oulu, Finland (http://cosmicrays.oulu.fi/). We use data corrected for variations in local atmospheric pressure since count rates of neutrons at the detector are proportional to the number of collision targets in the upper atmosphere. Further, to demonstrate that the anomalous CRF variation observed during this most recent solar minimum is not an artifact produced by the Earth's atmosphere or magnetosphere, we must consider a non-Earthbound monitor of the space particle environment, such as that studied by Mewaldt et al. (2010) . Such a data set is provided (serendipitously) by the "Single Event Flag", or bad-bit count rate of the solid state recorder (SSR) on the Solar and Heliospheric Observatory (SOHO; Domingo et al. 1995; Harboe-Sorensen et al. 2002) . The SOHO SSR data is discussed in more detail in Appendix A.
The spacecraft's management software keeps track of the number of bad data bits that are corrected on the SSR, the rate of these corrections is shown in Fig. 2 (blue dots). The average rate fluctuates around one bad-bit per minute, ranging from 0.3 to 1.4, plotted on the same graph is the 12-hour average of the Oulu station CRF (red). There are numerous sharp peaks in the timeseries that are driven by solar energetic particle storms, but the general modulation of the bad-bit count rate is driven by changes in basal solar activity cycle that are apparent in the decline in the bad-bit rate as solar maximum is approached. This spacecraft history is correlated well with ground-level neutron monitor data as we observe a remarkable correspondence in the (scaled) variation in range of both measurements over a broad range of timescales, from short flare-related particles, to the longer solar-cycle related variation. In particular, the bad-bit count rate shows a similarly anomalous increase to the CRF, starting in the middle of 2008, and recovering synchronously in late 2009. The approximately 1.5 million km distance of SOHO from the Earth reinforces the ACE measurements (Mewaldt et al. 2010 ) that the source of the anomaly observed in the Neutron Monitor Stations does not originate at, or near the Earth, but instead results from curious behavior of the Sun over this period.
We draw the reader's attention to the apparent 28-day periodicity visible in the CRF during the solar minima, around late 1996-mid 1997 and again in late 2007 through early 2008. This very low-amplitude, highly modulated variation in the CRF at solar minima is not an isolated phenomenon (e.g., Bazilevskaya 2000) . The apparent cause of this low-amplitude modulation-a repeating pattern of different of solar magnetic activity on one side of the Sun compared to the other. However, understanding this modulatory phenomenon bears some relevance to the conclusion we will reach below. The response of the CRF to solar surface magnetism fluctuations can be as rapid as only a couple of days, or the time that it takes the fast solar wind traveling at 700 km/s to reach the Earth from the Sun, or the co-rotating interaction region delineating fast and slow wind streams. These are not disturbances in the heliosphere's outer structure, they are directly forced by conditions on the Sun days, and not months, earlier.
However, since this topic is not directly relevant to the bulk of the manuscript we defer further discussion to an Appendix (B.1).
Cycle 23/24 Magnetogram Trends
SOHO uses the Michelson Doppler Imager (MDI; Scherrer et al. 1995) to probe the interior of the Sun by measuring the photospheric manifestation of solar oscillations and magnetism.
The instrument images the Sun on a 1024 2 CCD camera through a series of five narrow spectral filters (FWHM bandwidth of 94 mÅ) that span the Ni I 6768Å spectral line. When polarizers are included in the light path MDI records the line-of-sight (LOS) magnetic field with a resolution of 4 over the whole solar disk using a simple linear combination of the signal in the five sampled line positions (as discussed in Scherrer et al. 1995) . Every 96 minutes MDI takes a synoptic map of the photospheric magnetic field. The example shown ( Fig. 3 ) was taken at 00:00UT on April 10, 2008 when the Sun was very quiet (see, e.g., Fig. 3A ). The photosphere, in this case, appears as a mixed "salt and pepper" distribution of positive (white) and negative (black) magnetic field concentrations. The first impression of the signal from the disk center area is of a dominance of negative polarity magnetic field.
The right panel of the figure (Fig. 3B) shows the "Magnetic Range of Influence" (MRoI; McIntosh et al. 2006) for the same magnetogram. The MRoI is the (radial) distance over which we must add magnetic field strengths such that the total of the sum is zero with respect to the central pixel, i.e., it is a crude measure of the connecting length scales in the magnetogram and when
MRoI is small the field closes locally and conversely, when it is large, the field would appear to closes a long distance away. It is important to note that all coronal holes and some active regions have large MRoI values.
The dashed line around the center of the solar disk outlines a distance of 60% of a solar radius and encapsulates the region for which we compute the total signed field (TSF) and total unsigned field (USF) which are defined simply as the total magnetic signal (summing all of the pixels) and the total absolute magnetic signal (summing the absolute value) in that disk center region, respectively. Our rationale for considering only the disk center region is because, at higher latitudes and longitudes, there is a significant uncertainty in accurately determining the LOS magnetic field. In the central region of the solar disk we have the highest degree of confidence in the accuracy of the measurement.
For the analysis shown below we have performed this calculation for every MDI LOS magnetogram of the 96-minute series that has an exposure time of 300s and have the highest signal to noise ratio. There were nearly 30000 of these magnetograms taken by MDI between We consider the variation of the total magnetic field measured in a circular region of 0.6R measured from solar disk center from early 1996 to the start of 2011. In using the LOS magnetograms provided every 96 minutes we minimize systematic variance in the data by routinely mapping the central portion of the solar disk a number of times per day, day after day, for many years. In Figure 3 we show the variation of the 28-day running average MDI measured We should stress that our use of the term "imbalance", or later use of the term "unipolar,"
with reference to the distribution of the photospheric magnetic field implies that the spatial magnetic field distribution is dominated by one polarity over a given scale length-polar coronal holes are an example of a prolonged (local) imbalance and unipolarity of the magnetic field. The use of these terms in no way indicates that the entire solar atmosphere is unipolar or imbalanced (implying a breakdown in the fundamental laws of physics) where local imbalances of one polarity are balanced by local concentrations of the other polarity that are not necessarily nearby. Using the red dashed lines as a reference-drawn from an arbitrary starting point of Jan 1, 1998-we highlight the transport of coronal emission to high latitudes at solar maximum that is forced by the poleward advection of the magnetic field that is responsible for the polar magnetic reversal (e.g., Altrock 2011; Wang & Robbrecht 2011), or the "rush to the poles" as it has been dubbed. Conceptually it is simple, the opposite polarity magnetic flux moving poleward will form helmet streamers in the corona that increase (or decrease in the south) in latitude as we progress towards solar maximum-by monitoring the emission in the extracted image annulus we should be able to identify these migratory time scales. Indeed, we see that the northern emission reaches the polar region faster (in 1999) and within eighteen months it is receding again, while the southern hemisphere has barely started its progression to the pole (2000) . From this diagnostic plot, it takes at least a year longer before the high latitude southern emission begins to recede (early 2002). We also see the longer preponderance of emission in the southern hemisphere into the deepest part of minimum. It would appear that the asymmetry in the emission of the hemispheres is driven by, or responding to, offsets in their meridional transport and that the time difference at solar maximum has a prolonged effect lasting well into the declining phase of the cycle.
It is also very interesting to note that, continuing the EIT record with AIA, we see that the northern coronal emission has reached the highest latitudes shortly before 2012 while the southern hemisphere is lagging far behind at the time of writing this manuscript (e.g., the black dashed linesduplicates of the red lines and translated in time). It is hard to predict when the southern coronal emission will reach the highest latitudes, but it seems to be at least a year out of phase with the north if you use the black dashed lines (drawn from Jan 1, 2010) as a visual guide. In this case the northern emission has reached the pole and the south seems to be much farther behind than this time last cyclehowever, predicting what will happen next is far beyond the scope of this article. where the TSF of the equatorial region is negative due in large part to the excursion of the southern negative band across the equator. Right, in early 2010, the disk appears to return to its dipolar state and the TSF has returned to zero.
A Possible Interpretation?
The factors presented in the earlier subsections together would suggest that, following its late polar reversal, the evolution of the southern hemisphere proceeded at a slower rate (even though the northern cycle 24 field has begun to emerge in the equatorial region) and make its passage to the poles to perform the cycle 24 polarity reversal. In addition, the activity belt of the northern hemisphere seemed to disappear in late 2006 and there was a southern intrusion of negative polarity flux into the northern hemisphere. The components would naturally lead to the equatorial (and northern) portion of the MDI region being predominantly negative in sign while the southern portion is still relatively well mixed, i.e., it is "typical" quiet Sun. The sum of these effects would be very slightly, but persistently negative TSF, until the positively signed weak field driven by the early flux emergence in the northern hemisphere which combines to balance the equatorial region late in 2009.
To illustrate this physical picture we present 
Cartoon Validation? Latitudinal Distribution of EUV Bright Points
If our cartoon is even close to qualitatively correct we must consider a test, and one that is sensitive to the mixture of small scale magnetic polarities. One possible example lies in the number of EUV bright points (BPs) and their latitudinal distribution. BPs require mixed polarity field concentrations to be adjacent to one another (most likely neighboring supergranular network vertices of opposing sign; McIntosh 2007) and so they can be used as a relative measure of the degree of mixed polarities present in a given region. Therefore, taking these measurements literally as a measure of locally mixed polarities the southern hemisphere would appear to have more mixed locally polarities while the northern hemisphere has less in the declining phase of the cycle. We believe that this simple measurement adds weight to the concept presented above concerning the temporal lag between the onset of the poleward flux migrations in each hemisphere, the "disappearance" of the northern activity belt, and the northward migration of the southern negative flux. Further, we see the strong correspondence between the BP number and the outputs of Fig. 1 (2, and 9 ) that show an "abnormal" level of change during the extended solar minimum period period. Future investigations using the BP database (from SOHO and SDO) will use the pioneering work of Wilson et al. (1988) to study the apparently strong latitudinal overlap of activity cycles during the solar minima (2006) (2007) (2008) (2009) (2010) and the patterns of meridional flow (e.g., Savcheva et al. 2009 ) among other things.
A Broader Canvas: Historical Hemispheric Sunspot Numbers and Areas
Based on the proceeding discussion we now look for signatures of hemispheric offsets in longer time records of solar activity. While the sunspot number is not a perfect record (in the sense that it does not capture the complete hemispheric magnetic flux distribution) any gross imbalance in the hemispheric magnetism of the Sun should be reflected in its hemispheric decomposition. Our brief digression into the historical activity records illustrates that hemispheric imbalances and apparent lags in activity are a prevalent behavior and are not anomalous. What may be anomalous are the effects that these imbalances have on small (length) scale energy release processes (e.g., Fig. 1 ) and the global length scales, i.e., those of the heliosphere (e.g., Fig. 2 ).
In the following sections we will look at the possible impacts that prolonged hemispheric asymmetries may have on each of these scales, starting with the larger of the two.
Impact on the Heliospheric Scale?: The Large 2009 Cosmic Ray Flux
In Fig. 2 we saw the unexpected rise of the CRF at the depths of the last solar minimum. We deduce that, based on the incredible temporal correspondence, the underlying solar magnetism contributed to that rise. While the Earth's magnetic field deflects some of the CRF affecting the Earth, it is the shape and strength of the Sun's magnetic field and plasma outflow (the solar wind) that forms the solar system's primary "deflector shield," the heliosphere, which takes the brunt of the particle bombardment. Indeed, it is the latter, and its (approximate) 11-year variation, that is In Fig. 13 we clearly see the cyclic variation in the sunspot number (blue) and 10.7cm radio flux (green), commonly accepted proxies of solar surface magnetism, and the CRF (red) measured at the Oulu station in northern Finland from the early 1960s to earlier this year. Over the last five solar activity cycles, the CRF has alternated between flat and peaked maxima driven by the efficiency with which the positively charged particles can penetrate into the inner heliosphere when the heliospheric field is parallel (peaked) or anti-parallel (flat) to the galactic field-when drifting inward on a predominantly inwardly pointing (negative) solar magnetic field the particles suffer less scattering and so the CRF that reaches Earth is increased (Usoskin et al. 2005) .
Strikingly, the anomalously high CRF of the recent solar minimum (2008) (2009) ) is 4% larger than ever before recorded. In the lower energy bands detectable from space the increase in the CRF reached levels of greater than 20% (Mewaldt et al. 2010) , and this anomalous increase is reproduced at all neutron monitor stations: is not isolated to those near the Earth's polar regions.
Further, from the SOHO/SSR measurements shown in Fig. 2 , it is clear the increase in the CRF is not driven by processes nearer to the Earth than SOHO.
We see that, comparing the CRF and TSF curves of phase of most solar cycles (e.g., Hundhausen et al. 1981; Fox et al. 1998 ). These coronal holes will be of mixed size (depending on the local magnetic field distribution) and a heliosphere that is not dipolar, lacks internal rigidity (with a mental image of "Swiss cheese"). We speculate that this lack of organized global closed structures in the heliosphere, driven by the hemispheric asymmetry of the surface magnetism, plays an important role in permitting more cosmic rays into the near-Earth system (Mewaldt et al. 2010 ).
Finally, we note the strong anti-correlation of the CRF in the ascending phase of cycles and the apparently cycle dependent lag of the CRF from the variation in the sunspot number. It would appear that, in the descending phase of solar cycles the CRF measured at Earth increases at a rate shallower than the drop off of the Sunspot number-an issue we will return to below.
Impact on the Small-Scale: Energetic and Particulate Output
Comparing the panels of Fig. 1 ( and Figs. 6, 7, and 9) with 2011c) except again, when the global field is relatively well structured over a long time.
Discussion
An asymmetry in the Sun's low-latitude magnetic field persisted for nearly three years, including an 18-month spell of very weak, imbalanced, field. This weak imbalanced field period coinciding with an unexpected decrease in the radiative and particulate output of our star as well as an increase of the cosmic ray flux bathing the Earth. In the preceding sections we have deduced that this prolonged period of imbalance is the result of subtle changes of the magnetism in the northern and southern hemispheres during the descending phase of the last solar cycle.
Furthermore, we have demonstrated that hemispheric asymmetries of the photospheric magnetic field are the norm and not necessarily unusual. These driven changes in the photospheric magnetic field distribution have a direct effect on the radiative and particulate output of our star although we are far from understanding the detailed mass and energy transport processes at the heart of the radiative/ particulate output. It follows that the asymmetry of the photospheric magnetic field produces an asymmetric heliospheric magnetic field and the modulation of measures like the CRF (intrinsically tied to the larger scale evolution of the heliospheric magnetic field) vary with remarkable correspondence to those tied to much smaller spatial scales (Fig. 15) . This coupled behavior would suggest that system modeling of the heliosphere is necessary to accurately forecast future behavior. Such forecasts should stem from a better observational understanding of the physical processes which govern the detailed distribution and balance of surface magnetism.
While the underlying physical cause in the convection zone (or below) is not known (Charbonneau 2007) , our observational results would appear to the period of apparent magnetic imbalance seems to be forced by the hemispheric differences in the meridional circulation (the "conveyor" that recirculates the Sun's magnetic field under the surface) and magnetic diffusion rates (e.g., Hathaway & Rightmire 2010; Nandy et al. 2011) . Based on the observations presented above we can infer the following:
1. The proximate cause of the negative TSF at disk center in the cycle 23/24 solar minimum is the greater activity in the southern hemisphere during the descending phase of cycle 23
(from [2003] [2004] [2005] [2006] [2007] [2008] . From the perspective of the mean poloidal field, the emergence of flux in an activity band in the ascending phase of cycles gives rise to a double-banded structure at high latitudes (see e.g., Fig 8) . The equator-ward edge of each band diffuses toward the equator and reconnects across the equator with the corresponding flux in the opposite hemisphere. If there is more emergence in the southern hemisphere, only some of this trailing flux annihilates. This progression naturally gives rise to the imbalance and negative TSF at disk center at solar minimum.
2. It appears that the greater activity in the southern hemisphere in the descending phase of cycle 23 (2003-2008) is the result of a phase shift between the magnetic activity of the northern and southern hemispheres, as illustrated in Fig. 10 .
3. We believe that the reason for this phase shift is the slower poleward transport and delayed reversal in the southern hemisphere that is illustrated in 4. We don't really know why the meridional flow was asymmetric. One possibility is that an asymmetric flow can be attributed to random fluctuations of the motion; as a weak flow component, the meridional flow commonly undergoes chaotic fluctuations in global convection models which would (plausibly) average out over long times, so shifting phases as seen in Fig. 10 would be expected. We note that it only requires an impulsive variation in the meridional flow pattern to throw the phase of activity off-this does not require a persistent asymmetry-that would cause the phase shift to slowly increase steadily with time, which it does not appear to do. Fig. 11 suggests that impulsive, random shifts (in either the meridional flow or the timing of flux emergence or both) occur, but those are coupled with a dynamo relaxation time of 4 cycles where the long-term coupling acts to "lock" the phase of the hemispheres.
We have seen that this phase of hemispheric asymmetry (and apparent reduction in strength)
of the Sun's surface magnetism during the recent solar minimum had a direct impact on the structure of the small and large scale energetics of the outer solar atmosphere and heliosphere.
For a considerable time their signature has been inferred from interplanetary space measurements of north-south variations in the CRF measured by Ulysses just before the cycle 22/23 minimum (e.g., Simpson et al. 1996) to deviations in the (anticipated) sector structure of the solar wind (e.g., Crooker et al. 1997) . In an effort to explain the Ulysses measurements Smith et al. (2000) coined the phrase "ballerina skirt" to describe the shape and tilt of the Heliospheric Current Sheet (HCS).
They illustrated that the variations in the net imbalance of the magnetic pressure in the northern and southern hemispheres in the declining phase of solar cycles (modulated also somewhat by the ram pressure of the wind) can affect the modesty of the ballerina, causing the Sun to push its skirt southward (e.g., Mursula & Zieger 2001; Mursula & Hiltula 2003; Mursula & Vilppola 2004; Mursula 2007) . The latter series of papers, motivated by the inference of Mursula & Zieger (1998) , that significant departures from heliospheric magnetic symmetry could be inferred in the late-declining phase of many solar cycles from systematic changes in the sector structure of the annual variation in the solar wind speed. Mursula & Hiltula (2003) and Hiltula & Mursula (2006) went further, identifying that the southward tilt of the ballerina's skirt has been a persistent feature of the late-declining phase of solar cycles going back into the late 1960s. In each of these cases one might expect that, based on the discussion of above, the magnetic evolution of the northern hemisphere was ahead of the south (by an appreciable amount of time) such that the early advection of the pole-canceling magnetic field gave rise to an north-south magnetic pressure imbalance that pushed the HCS southward in the late-declining phase of several recent solar cycles. Interestingly, the often reported (and confusing) anti-inclination and oppositely directed motion of the streamer belt and the HCS in the declining phase of cycles (e.g., Crooker et al. 1997) , is related to the former being driven by the pole-canceling magnetic field distribution.
Indeed, it is precisely this streamer motion that is captured in the diagnostic of Fig. 7 and used as one of the alternative measures of the magnetic evolution at the heart of this puzzle. It remains to be seen if this pattern of northern dominance will change soon enough for this to be the ballerina's last dance (Mursula & Virtanen 2011) unless the background solar magnetic field continues to weaken-as may be inferred from the analysis presented in the previous section (and also in Penn & Livingston 2010) .
Unfortunately the record of detailed magnetograms is short and other magnetogram records are rare such that we are limited to exploring the Sun's historical connection to the heliospheric-scale structure using model-dependent (Solanki et al. 2004) or chemical (Usoskin et al. 2005; Scherer et al. 2006 ) proxy inference. Therefore, it becomes difficult for us to accurately assess the impact that these subtle changes of solar surface magnetism and the Sun's dynamo (e.g., Parker 1955; Dikpati & Charbonneau 1999; Charbonneau 2005; Hathaway 2010 ) have on the Earth system on timescales commensurate with those affecting cloud production (Svensmark & Friis-Christensen 1997; Svensmark 2007; Shettle et al. 2009; Calogovic et al. 2010) , or the broader Sun-climate connection (e.g., Kumala 2010).
Conclusion
The summer of 2009 saw a considerable low in the radiative output of the Sun that was temporally coincident with the largest cosmic ray flux ever measured at 1AU. Combining measurements and observations made by the SOHO (and SDO) spacecraft we have begun to explore the complexities of the descending phase of solar cycles. A hemispheric asymmetry in magnetic activity is observed and its evolution monitored. Studying historical sunspot records with this picture in mind shows that the northern hemisphere has been leading since the middle of the last century and that the hemispheric "dominance" has changed hands twice in the past 130 years. We have deduced, largely due to the very strong temporal correspondence, that the prolonged magnetic imbalance has a considerable impact on the structure and energetics of the heliosphere. While we cannot uniquely tie the variance and scale of the surface magnetism to the dwindling radiative and particulate output of the star, or the increased cosmic ray flux, through the 2009 minimum, the timing of the decline and rapid recovery in early 2010 would appear to inextricably link them.
The observations presented above lend support to a picture where the hemispheres of the Sun must be studied and treated independently, and that the globally averaging of quantities minimizes our ability to consider the degrees of freedom in the coupled solar atmosphere. Furthermore, it appears that the hemispheres are appreciably out of phase with each other at the time of writing this manuscript and the basal energetics of that system are in clear decline. The observations presented give cause for concern, especially with respect to our present understanding of the processes that produce the surface magnetism in the (hidden) solar interior. However, we can state with some certainty that if the observed asymmetry in surface magnetism continues in-step with the slow decline in magnetism, then we fear for the modesty of aforementioned ballerina, and can anticipate that the CRF during the next solar minimum will exceed the values of 2009 while the radiative and particulate outputs reach previously unanticipated lows.
We are grateful to comments on earlier drafts of this manuscript by Eric Priest, Leon single bit error in one word of data can be corrected. To properly reduce the bit error rate of the scientific data telemetered to ground stations the SSR data is continuously "scrubbed" to keep the memory clean-reading the data stored in memory and correcting bad bits as needed. When bad bits are detected and corrected the spacecraft management system increments a counter. Because SOHO is in a "halo" orbit at the Lagrange "L1" point between the Sun and the Earth, and thus outside the Earth's magnetosphere, this serendipitous error count is a measure of the energetic particle environment in the solar system not affected by space-storm activity driven near the Earth.
B. The Cosmic Ray Flux
The Earth is bathed in a flux of energetic particles originating from the Sun and outside of our heliosphere, called cosmic rays. While the smallest component of that cosmic ray flux (CRF), also consisting of the lowest energy particles, originates in energetic solar phenomena such as flares and coronal mass ejections, the majority arise in cataclysmic events outside the heliosphere that penetrate the solar system and eventually reach Earth (Gaisser 2001) . Indeed, cosmic rays constitute a non-negligible fraction of the annual radiation dosage of humans (Schwadron et al. 2010) , pose a considerable threat to the well-being of astronauts during space flights (e.g., Mewaldt et al. 2005) , and have an impact on aircraft avionics and airborne computer systems (Taber & Normand 1993; Ziegler & Srinivasan 1996) . As potential lightning onset triggers (Gurevich et al. 1999 ) and as cloud nucleation seed particles (e.g., Svensmark & Friis-Christensen 1997) , cosmic rays can even be regarded as relevant to terrestrial climate. Fortunately, the Earth is protected from the CRF by the action of its magnetic field as well as that of the Sun.
When a cosmic ray hits the atmosphere it produces secondary particles, including neutrons.
These neutrons pass through the atmosphere, through whatever the building the neutron monitor is housed in, and penetrate the detector. In a neutron monitor, neutron sensitive proportional tubes filled with either 10 BF 3 or 3 He gas, surrounded by moderator material (typically polyethylene, to reduce the energy of the secondary cosmic ray particle to about 0.025eV) and a lead target, detect near-thermal neutrons produced locally from interacting incident particles. A tube filled with either 10 BF 3 or 3 He gas responds to neutrons by the exothermic reactions 10 B(n, α) -7 Li, or 3 He(n, p) -3 H. So even though neutrons do not leave an ion trail in the proportional tube, the energetic ions resulting from absorption of a neutron by a nucleus strip electrons from neutral atoms in the tube, producing a charge, which is detected as one count. Thousands of counts per hour are detected.
B.1. Direct Connectivity: The Solar Minimum 28-Day CRF Periodicity
Often at times of solar minimum the CRF displays a strong ∼28 day periodicity (e.g., Bazilevskaya et al. 2000; . The images in the upper panels illustrate the active and quiet sides of the disk on consecutive rotations and are marked by vertical dashed lines that are black and green respectively.
